The activity of open-vent volcanoes with an active lava-lake, such as Nyiragongo, is 14 characterized by persistent degassing, thus continuous monitoring of the rate, volume 15 and fate of their gas emissions is of great importance to understand their geophysical 16 state and their potential impact. We report results of SO2 emission measurements from 17 Nyiragongo conducted between 2004 and 2012 with a network of ground-based 18 scanning-DOAS (Differential Optical Absorption Spectroscopy) remote sensors. The 19
size distribution and changes in the effective permeability of the lava lake. The 23 degassed S content is found to be between 1000 and 2000 ppm from these 24 measurements and the reported magma flow rates sustaining the lava lake. The inter- 25 annual trend and plume height statistics indicate stability of a quiescently degassing 26 lava lake during the period of study. The segregation and release of magmatic volatiles as gases into the atmosphere is a 30 fundamental process of active volcanism. The total emission or magnitude as well as 31 the rate of emission or intensity are often related to the volume of magma at shallow 32 levels and its rate of ascent, which in turn define the style, explosiveness and duration 33 of volcanic eruptions (Galle et al., 2010 , Parfitt & Wilson, 2008 , Sparks, 2003 . In 34 particular, volcanic degassing is the defining process of volcanoes with permanent The current activity of Nyiragongo is characterized by variations in the level and 111 convection intensity of the lava lake, which is associated with a persistent, and 112 occasionally prodigious, open vent degassing (Carn, 2004) . During the 2002 eruption, it 113 reached emission rates of about 10 Gg d -1 , whereas in the 1972 eruption it was 114 estimated to have reached up to 23 Gg d -1 (Le Guern et al., 1988) . The low viscosity of 115 the low-Si content Nyiragongo's lava facilitates a highly dynamical convection thought to 116 be driven by a degassing-crystallization-densification mechanism, as suggested by 117 various authors (Burgi et al., 2014 , Le Guern, 1987 , Sawyer et al., 2008 , Tazieff, 1994 . 118 There is compelling evidence in the literature regarding convection in the conduit as the 119 main mechanism for steady-state degassing at this volcano. Succinctly, this mechanism 120 consists in the equilibrium (i.e., closed respect to degassing) ascent of volatile-rich, 121 vesiculated batches of magma through the conduit. This is followed by outgassing at a 122 certain depth, which is determined by the amount of volatiles, their solubility and bulk 123 permeability of the magma column. As a consequence, there is a reduction of 124 vesiculation leading to an increase in density and sinking (down the conduit) of the 125 degassed magma, which is then replaced by another batch of ascending lower density 126 magma. The degassed magma might accumulate as a plutonic rock (Arellano et al., 127 2008, Kazahaya et al., 1994 , Palma et al., 2011 , Stevenson & Blake, 1998 . This 128 process is sustained as long as there is enough supply of volatile-rich magma from 129 depth, which in the case of Nyiragongo, seems to be related to a deeper mantle source 130 than the neighboring Nyamuragira (Chakrabarti et al., 2009a , Chakrabarti et al., 2009b .
131
Steady-state convection is a function of the amount of volatiles, the viscosity and 132 geometry of the magmatic system; hence the degassing rate is a key parameter to 55% H2O, 35-50% CO2, 1-2% SO2, 2-3% CO, 1.5-2.5 H2S, and <2% for H2, S2, HCl, HF, 141 and COS (Gerlach, 1980) . After the 2002 eruption, the estimated concentrations were of 142 about 68-72% H2O, 22-26% CO2, 4-5% SO2 and <1% for other species (Sawyer et al., 143 2008). Conceding that methodological differences between direct sampling (prior to 144 1977) and remote sensing measurements are properly accounted for, it is not clear 145 which is the cause of these differences, either an actual change in the composition of 146 the magma after the 1977 eruption or the progressive depletion of CO2 caused by long-147 term degassing of the same source of magma feeding the lava lake.
148
Regarding gas emission rates, SO2 has been the species focus of monitoring by 149 ground-based and satellite-based instruments. The record of satellite measurements for 150 this volcano dates back to the era of Total Ozone Mapping Spectrometer, and continued 151 principally with the Ozone Mapping Spectrometer (OMI) and the Ozone Mapping and 152 Profiler Suite (OMPS) (Carn et al., 2003) , as well as other UV sensors, such as the 153 Global Ozone Monitoring Experiment-2 (GOME-2), or IR sensors, such as the Infrared 154 Atmospheric Sounding Interferometer (IASI) or the Advanced Spaceborne Thermal 155 Emission and Reflection Radiometer (ASTER). This dataset is particularly valuable for 156 the study of large plumes from Nyiragongo, as during the 2002 eruption and its 157 aftermath (Carn, 2004) . However, the spatial and/or temporal resolution and sensitivity 158 profile of satellite sensors are insufficient for detecting low altitude quiescent plumes 159 with low burdens (<1 kt) of SO2, which dominate the activity of this volcano.
160
In this article, we present the record of ground-based SO2 emission rate measurements Therefore several gaps exist in the dataset and at least one visit to the sites every year 184 has been necessary to recover and maintain the stations.
185
The scanning-DOAS method is well known and the interested reader is referred to the sensitivity to geometrical errors in the emission rate calculation (Johansson, 2009 retrieved values were adopted for measurements performed within the same day.
340
Statistics of the retrieved values are presented in Table 3 and Figure 3 , along with other 341 important results of the measurements. monitored with the scanning-DOAS technique (Arellano, 2014) . We recall that individual 358 flux measurements were selected based on quality check of the distance to the plume, 359 coverage of the plume and other factors, in order to keep the measurement uncertainty 360 below 60%. By further averaging measurements taken on the same day, we think the 361 results presented here give a reliable picture of the degassing intensity of Nyiragongo.
362
The inter-day variability reflects the complex dynamics of the lava lake. In order to It is also interesting to compare the record of long-term with past measurements of the 423 bulk gas emission. Such comparison is shown in Figure 4 , and highlights the fact that 
